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Background: Amlodipine, a widely prescribed clinical medication, is associated
with adverse reactions that can impede the proper execution of treatment
regimens. The lack of systematic studies on amlodipine’s adverse drug
reactions (ADRs) necessitates further investigation to facilitate refined
population management and optimize therapeutic outcomes.

Method: This study leveraged the FDA Adverse Event Reporting System (FAERS)
database, extracting reports submitted exclusively by healthcare professionals
where amlodipine was designated as the primary suspect (PS). Four risk signal
detection methods were employed: Ratio of Odds Ratio, Proportional
Reporting Ratio, Bayesian Confidence Propagation Neural Network, and
Empirical Bayes Geometric Mean, to conduct a comprehensive analysis of
amlodipine-related ADRs. Furthermore, subgroup analyses stratified by gender
and age were performed, with multivariable logistic regression utilized to
validate the reliability of the findings.

Results: Across the general population, male cohort, female cohort, elderly
group, and younger demographic, the four signal detection methods
collectively identified 513, 348, 403, 246, and 260 potential ADRs associated
with amlodipine, respectively. Intersection analysis revealed 27 common ADRs,
including gingival hypertrophy, vasoplegia syndrome, and distributive shock.
Subsequent multivariable logistic regression confirmed amlodipine’s role as an
independent risk factor for all 27 ADRs (OR>1, P<0.05).

Conclusion: This study provides compelling evidence that amlodipine poses
risks of peripheral edema, shock, and dyspnea, among others. Additionally, it
identified previously unreported ADRs such as abnormal full blood count and
personality disorder. These findings underscore the importance of exercising
caution when prescribing amlodipine to high-risk individuals with a history of
hyperkalemia, cardiac structural abnormalities, or airway obstruction.
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1 Introduction

Amlodipine, a widely prescribed dihydropyridine calcium
channel blocker, has been predominantly utilized in the treatment
of hypertension, coronary artery disease, and other cardiovascular
ailments since its approval in 1991 (1). As a calcium channel
antagonist, amlodipine exerts its therapeutic effect by inhibiting
calcium ion influx into vascular smooth muscle cells, thereby
inducing vasodilation and reducing peripheral vascular resistance,
ultimately leading to a decrease in blood pressure (2). Among
antihypertensive medications, calcium channel blockers (CCBs) are
the most frequently prescribed, with amlodipine accounting for a
substantial 37% of prescriptions (3), underscoring its extensive
clinical ~application. ~Amlodipine’s pharmacokinetic ~ profile,
characterized by low renal clearance (7 ml/min/mg), extended half-
life (35-50 h), and high bioavailability (60%-80%) (4), renders it
suitable for once-daily dosing, a feature highly favored by clinicians.

Notwithstanding its widespread use, an observational study
revealed that amlodipine, when used as monotherapy, is associated
with the highest

antihypertensive agents (5). The FDA label indicates that the most

incidence of adverse reactions among
common adverse effects of amlodipine include edema, dizziness,
flushing, and palpitations. Recent years have witnessed the
emergence of additional adverse reactions, including acute kidney
injury (6), thrombocytopenia (7), bradycardia (1), dermatological
complications (8-10), gingival hyperplasia (11), and even shock
(12). These adverse effects not only directly impact patients’ quality
of life and increase the likelihood of treatment discontinuation but
may also pose life-threatening risks in severe cases (13), presenting
significant challenges to the clinical application of amlodipine.
While reports of amlodipine-related adverse reactions are on the
rise, the majority of these accounts stem from individual case reports,
lacking robust supporting evidence. Moreover, accurate assessment of
drug-specific adverse reactions in clinical observations is hampered by
limited subject numbers and short observation periods. Consequently,
signal generation based on large-scale databases has emerged as a
crucial method for detecting adverse drug reactions (14). This study
represents the first systematic analysis of amlodipine-related adverse
reactions grounded in real-world data and employing multiple
methodological approaches. The adverse reactions identified have
been corroborated through four distinct methods to enhance
credibility. The primary objective is to assist clinicians in recognizing
potential clinical adverse reactions, thereby strengthening the
monitoring and refined management of amlodipine therapy, which is

paramount for optimizing treatment outcomes.

2 Materials and methods
2.1 Data source

This observational analysis utilizes the FDA Adverse Event
Reporting System (FAERS) database, which is updated quarterly
from both healthcare
professionals (physicians, pharmacists, healthcare specialists, and

and comprises self-reported data

registered nurses) and non-healthcare professionals (consumers,

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1504671

lawyers, sales representatives, and others). The FAERS database
has been extensively employed in identifying potential drug
adverse reactions. It encompasses unique identification numbers,
report dates, reporting countries, primary reporter qualifications,
patient demographic information (such as gender, age, and
weight), suspected and concomitant medications and their
indications, ADR occurrence dates, and ADR manifestations.
Given amlodipine’s market approval in 1991, this study extracted
report files from the FAERS database (https:/fis.fda.gov/extensions/
FPD-QDE-FAERS/FPD-QDE-FAERS.html) spanning from the
database’s inception (Q1 2004) to Q2 2024. Rigorous deduplication
was performed, particularly focusing on eliminating overlapping
information in key fields such as AE, event date, gender, age, weight,
reporting country, and primary suspected active substance. To
mitigate false positives arising from potential misreporting due to
lack of professional knowledge, this study exclusively included
reports submitted by healthcare professionals. To address issues of
duplicate reporting and non-standardized drug nomenclature, the
research team compiled a comprehensive list of amlodipine’s drug
and brand names, meticulously reorganizing drug name variants
within the database. Drug entries were strictly limited to amlodipine,
excluding other medications such as nimodipine. The curation
process was independently conducted by two researchers, with
discrepancies resolved by a third researcher. Only reports involving
amlodipine as the primary suspected agent were retained for analysis.

2.2 Disproportionality analysis

To robustly ascertain the ADRs associated with amlodipine,
this  study
framework, integrating four risk signal detection methodologies:
Ratio of Odds Ratio (ROR) (15), Proportional Reporting Ratio
(PRR) (16), Bayesian Confidence Propagation Neural Network
(BCPNN) (17), and Empirical Bayes Geometric Mean (EGBM)
(18). The detection criteria are delineated in Table 1. For this
study, an ADR was deemed a potential adverse reaction to

employed a signal disproportionate analysis

amlodipine only if all four algorithms identified a signal for that
specific ADR. Furthermore, the analysis was stratified by gender
and age, subgroup analyses
identified both common and unique ADRs within different

facilitating that subsequently

populations, thereby providing evidence for the refined
monitoring of various clinical cohorts. The flowchart illustrating

this process can be found in Figure 1.

3 Results
3.1 Basic characteristics

Between the first quarter of 2004 and the second quarter of 2024,
we retrieved 18,886 reports from the FAERS database, wherein
amlodipine was designated as the primary suspect (PS). Among
these reports, a majority were from female patients (48.6%), with
individuals aged 65 and older constituting the predominant
demographic (42.1%). This suggests that the use of amlodipine in
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TABLE 1 Formulas and criteria for identifying safety signals in four methods.

Category Formula/Criteria Target drug Not-target
drug
Target ADR a c
Not-target b d
ADR
Total N=a+b+c+d
ROR = (ad)/(bc) PRR =[a(c +d)]/[c(a+Db)]
95% CI = eln(ROR) + 1.96\/(1/a +1/b+1/c+1/d) X?=N(ad-bc)2/[(a + b)(c +d)(a+c)(b+d)
ROR The criteria of positive safety signal detection by ROR: the lower | The criteria of positive safety signal detection by PRR: PRR >2, X*
PRR limit of 95% CI >1, a >3 >4, N>3
BCPNN IC =log2(aN)/(a + b)(a +¢) EBGM = (aN)/[a + b)(a + ¢)]
EGBM 95% CI = E(IC) + 2*/V(IC) 95% CI = eln(EGBM) + 1.96+/(1/a + 1/b + 1/c + 1/d)
The criteria of positive safety signal detection of BPCNN:IC025 >0 | The positive safety signal detection criteria by EGBM:EBGMO5 > 2
(1C025: the lower bound of 95% CD) (EBGMO5: the lower bound of 95% CI)
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FIGURE 1
Flowchart of the study design and analysis pipeline.
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TABLE 2 General characteristics table.

R

Gender
9,182 (48.6%)
Male 7,846 (41.5%)

Female

Unknown 1,858 (9.8%)
Weight

<50 kg 398 (2.1%)
>100 kg 702 (3.7%)
50-100 kg 4,143 (21.9%)
Unknown 13,643 (72.2%)
Age

<18 695 (3.7%)
>86 1,217 (6.4%)
18-64 7,170 (38.0%)
65-85 6,737 (35.7%)
Unknown 3,067 (16.2%)
Reporter

Health Professional
Medical Doctor

5,291 (28.0%)

10,038 (53.2%)

3,549 (18.8%)
8 (0.0%)

Pharmacist
Registered Nurse
Top 5 Reporting Countries
United States
United Kingdom
Canada
France

Italy

the elderly population warrants significant attention. The top five
reporting countries were the United States, United Kingdom,
Canada, France, and Italy, with detailed results presented in Table 2.

3.2 ldentification of signal for ADRs in the
entire population

Based on 18,886 reports from the entire population, we utilized
a combination of four methodologies to identify ADR signals
associated with amlodipine, resulting in a total of 513 potential
ADRs. The top five, ranked by ROR, were as follows:
Hypoinsulinaemia [a: 7, ROR (95% CI lower limit): 85.321, PRR
(X?): 243.233 (844.330), 1C025: 5.107, EBGM (95% CI lower
limit): 351.393]; Gingival Hypoplasia [a: 4, ROR (95% CI lower
limit): 52.253, PRR (X?): 194.586 (427.981), IC025: 4.863, EBGM
(95% CI lower limit): 142.440]; Gingival Hypertrophy [a: 305,
ROR (95% CI lower limit): 156.244, PRR (X%): 180.501
(31253.613), 1C025: 5.032, EBGM (95% CI lower limit):
27,606.370]; Subepidermal Haemorrhage [a: 5, ROR (95% CI
lower limit): 41.57, PRR (X?): 121.616 (398.749), IC025: 4.532,
EBGM (95% CI lower limit): 162.398]; and Increased Body Fluid
[a: 4, ROR (95% CI lower limit): 36.622, PRR (X?): 121.616
(318.999), 1C025: 4.499, EBGM (95% CI lower limit): 116.849].
The results for the top 50 are illustrated in Figure 2A.

When mapped to the System Organ Class (SOC) level, the
potential ADRs associated with amlodipine in the general
population predominantly encompassed Investigations (15.59%),
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Cardiac Disorders (8.38%), Nervous System Disorders (7.80%),
Gastrointestinal Disorders (6.43%), and Respiratory, Thoracic
and Mediastinal Disorders (5.85%) (Figure 2B).

3.3 ldentification of signal for ADRs in male
population

Based on 7,846 reports from the male population, we employed
a combination of four methodologies to identify ADR signals
associated with amlodipine, resulting in a total of 348 potential
ADRs. The top five, ranked by ROR, were as follows:
Electrocardiogram ] Wave [a: 6, ROR (95% CI lower limit):
93.112, PRR (X?): 329.913 (787.000), IC025: 5.171, EBGM (95%
CI lower limit): 273.027]; Increased Body Fluid [a: 4, ROR (95%
CI lower limit): 47.252, PRR (X?): 175.954 (386.577), 1C025:
4.718, EBGM (95% CI lower limit): 128.656]; Gingival
Hypoplasia [a: 3, ROR (95% CI lower limit): 36.92, PRR (X?):
164.957 (279.365), 1C025: 4.612, EBGM (95% CI lower limit):
79.831]; Cockroach Allergy [a: 3, ROR (95% CI lower limit):
36.92, PRR (X?): 164.957 (279.365), 1C025: 4.612, EBGM (95%
CI lower limit): 79.831]; and Gingival Hypertrophy [a: 129, ROR
(95% CI lower limit): 112.535, PRR (X2): 139.766 (10,867.624),
1C025: 4.750, EBGM (95% CI lower limit): 9,033.000]. The
results for the top 50 are illustrated in Figure 3A.

When mapped to the SOC level, the potential ADRs associated
with
encompassed

amlodipine in the male population predominantly
(16.95%), Cardiac
(10.06%), Thoracic and Mediastinal Disorders
(8.91%), Gastrointestinal Disorders (7.47%), and Skin and

Subcutaneous Tissue Disorders (6.90%) (Figure 3B).

Investigations Disorders

Respiratory,

3.4 Identification of signal for ADRs in
female population

Based on 9,182 reports from the female population, we
employed a combination of four methodologies to identify ADR
signals associated with amlodipine, resulting in a total of 403
potential ADRs. The top five, ranked by ROR, were as follows:
Friedreich’s Ataxia [a: 4, ROR (95% CI lower limit): 72.722, PRR
(X?): 324.912 (553.570), 1C025: 5.174, EBGM (95% CI lower
limit): 158.189]; Gingival Hypertrophy [a: 143, ROR (95% CI
lower limit): 187.73, PRR (X?): 235.452 (16,979.403), 1C025:
5.235, EBGM (95% CI lower limit): 14,006.495]; Malpositioned
Teeth [a: 7, ROR (95% CI lower limit): 77.329, PRR (X?):
213.224 (788.587), 1C025: 5.020, EBGM (95% CI lower limit):
337.452]; Congenital Acrochordon [a: 5, ROR (95% CI lower
limit): 61.979, PRR (X%): 203.070 (548.387), 1C025: 4.935, EBGM
(95% CI lower limit): 203.137]; and Rectourethral Fistula [a: 5,
ROR (95% CI lower limit): 61.979, PRR (X?): 203.070 (548.387),
1C025: 4.935, EBGM (95% CI lower limit): 203.137]. The results
for the top 50 are illustrated in Figure 4A.

When mapped to the SOC level, the potential ADRs associated
with amlodipine in the female population predominantly
encompassed Investigations (14.14%), Nervous System Disorders

frontiersin.org


https://doi.org/10.3389/fcvm.2025.1504671
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Di et al. 10.3389/fcvm.2025.1504671
A ADR ROR(95%CI) PRR(X?) IC025 EBGM(95% Lower Limit)
GINGIVAL HYPERTROPHY o —=—— 181.222(156.244 - 210.192 ) 180.501 (31253613 ) 5032 31253.613 ( 27606.370 )
VASOPLEGIA SYNDROME —— 83.317 (71.116 - 97.610) 83.094 ( 12454.053) 4290 12454.053 ( 10908.709 )
DISTRIBUTIVE SHOCK : == 79.109 (68.099 - 91.900 ) 78.877 (13180.552) 4.234 13180.552( 11627.094 )
BRASH SYNDROME - 20.941 (15.817 - 27.726 ) 20.928 (926.050 ) 2605 926.050 ( 732.227)
SUBACUTE CUTANEOUS LUPUS ERYTHEMATOSU$ - 17.062 ( 13.131 - 22.169 ) 17.049 ( 847.128 ) 2331 847.128 (680.449)
SEDATION COMPLICATION . - 15.779 (12.717 - 19.578 ) 15.762 (1142668 ) 2226 1142.668 (953.961)
PERIODONTITIS h oo 15.504 (11.942-20.129) 15.493 (764.758 ) 2202 764.758 (614.689)
GINGIVAL SWELLING . a 15.144 (11.831 -19.385) 15.131 (832.502 ) 2170 832502 (677.123)
SCHIZOAFFECTIVE DISORDER - 14.450 (10.893 - 19.169 ) 14.441 (602.298 ) 2106 602.298 (475.474)
SHOCK i 13.133 (12.015 - 14.356 ) 13.052 (5431.575) 1.971 5431.575 (5041667 )
ORTHOSTATIC HYPOTENSION - 13122 (11.882 -14.491) 13.056 (4365.552) 1971 4365.552(4017.635)
COMPLETED SUICIDE . - 12.452 (11.885-13.046 ) 12.167 (18594.943) 1.874 18594.943 ( 17883.492)
INTENTIONAL OVERDOSE . 11.162 (10.492 - 11.876 ) 11.021 (9260.762) 1.738  9260.762 ( 8793.056 )
CREATININE RENAL CLEARANCE DECREASED | = 10.768 (8.776 - 13.212) 10.756 ( 813.588 ) 1703 813.588 (685.610)
HAEMODYNAMIC INSTABILITY - 9917 (8.379-11.738) 9.901 (1084.315) 1589 1084.315(941.695)
CARDIOGENIC SHOCK ' ] 9.373(8.285-10.604 ) 9.344 (1887.887 ) 1.509 1887.887 (1702.734)
BLOOD LACTIC ACID INCREASED . 7.266 (5.643 - 9.355) 7.261 (325.037) 1.157  325.037 ( 263.088 )
HYPOTENSION - 7.109 (6.804 -7.428) 6.940 (10453.220) 1.094 10453.220 ( 10076.121)
GINGIVITIS E- 6.850 (5.213 -9.001 ) 6.846 (257.372) 1.074 257.372(204.798)
SUICIDE ATTEMPT . 6.363 ( 5.850 -6.920) 6.323 (2462.127 ) 0964 2462.127 (2295.064 )
ANURIA i- 5033 (4.796 - 7.340) 5.928 (347.962) 0.872 347.962 (291.208)
BRADYCARDIA . 5.759 (5.307 - 6.248 ) 5.721(2268.120 ) 0.823 2268.120 (2118.419)
METABOLIC ACIDOSIS - 5679 (5.102-6.321) 5.658 (1290.123 ) 0.807 1290.123 ( 1179.504)
OVERDOSE - 5.592(5238-5970) 5.536 (3383.626 ) 0.776  3383.626 ( 3203.372)
SINUS BRADYCARDIA i 5.559 (4.597 - 6.722) 5.552 (1397.860 ) 0.780 397.860 ( 339.381)
GINGIVAL BLEEDING - 5524 (4461 -6.842) 5519(311.243) 0771  311.243(260.247)
BLOOD CALCIUM DECREASED it 5503 (4.485-6.752) 5497 (338.292) 0766 338.292 (285.075)
OBSTRUCTIVE AIRWAYS DISORDER - 5.341(4413-6464) 5.335(372.351) 0724 372.351(317411)
OLIGURIA 0 5.321(4.102 -6.903 ) 5.318 (199.005) 0.719  199.005 ( 160.063 )
PEMPHIGOID f- 5.082 (4.061 - 6.361) 5.078 (250.286 ) 0654  250.286 ( 207.450 )
ERECTILE DYSFUNCTION - 4911 (4.080-5.898) 4.905 (356.651) 0.605 356.651(305.975)
ACUTE RESPIRATORY DISTRESS SYNDROME - 4543 (3.898 -5.296) 4.535(452.045) 0494  452.045(397.644)
BLOOD PRESSURE DIASTOLIC DECREASED - 4.405(3.521-5512) 4.402(201.470) 0452 201.470(167.031)
OEDEMA PERIPHERAL - 4.342 (4.039 -4668) 4.309 (1889.651) 0422 1889.651 (1778.702)
LACTIC ACIDOSIS - 4.324 (3.833-4.877) 4312 (675.402) 0423 675.402 (610.601)
NOCTURIA . 4278(3.235-5659) 4.276 (123.356) 0410 123.356 (97.615)
CIRCULATORY COLLAPSE " 4.161(3.481-4973) 4.156 (289.924) 0370 289924 (249.727)
FULL BLOOD COUNT ABNORMAL E- 4126 (3258 -5.227) 4.124 (162.902) 0359 162.902 ( 133.672)
POISONING DELIBERATE :- 4.077(3.294-5046) 4.074(196.212) 0.342 196.212( 164.150)
MOTOR DYSFUNCTION - 4.046 (3.060 - 5.352) 4044 (112.729) 0331 112729 (89.216 )
LOW BIRTH WEIGHT BABY - 3.974 (3.066 - 5.152) 3.972(126.915) 0306 126.915(102.140)
ATRIOVENTRICULAR BLOCK - 3.959(3.002-5.221) 3.957 (110.906 ) 0.300 110.906 ( 87.979)
MUSCLE SPASTICITY :' 3.952(3.104 -5.032) 3.950 (145.270) 0208 145.270( 118.691)
CARDIOTOXICITY - 3.639(2869-4616) 3.637(129.991) 0.181  129.991(106.535)
DEPRESSED LEVEL OF CONSCIOUSNESS '- 3.626 (3.205-4.104) 3.618(478.233) 0.174 478.233 (431.241)
DRUG LEVEL INCREASED - 3.536 (2.943 -4.247) 3.532(207.603) 0.139 207.603 ( 178.064 )
JOINT SWELLING - 3.512(3.241-3.806) 3.492 (1068.310 ) 0123 1068.310 ( 998.827 )
PULMONARY OEDEMA :- 3.509 (3.069 - 4.011) 3.502 (384.394) 0.127 384.394 (343.655)
HYPOTHERMIA ' 3.441(2673-4431) 3.439 (104.087 ) 0.101  104.087 (84.241)
BALANCE DISORDER - 3.223(2.841-3657) 3.216 (369.663 ) 0.006 369.663 ( 332.605)
5|0 1(|)0 1%0 2(|)0
“ Positive ADR
B SOC Level
. Investigations(15.59%)
[T cardiac Disorders(8.38%)
. Nervous System Disorders(7.80%)
. Gastrointestinal Disorders(6.43%)
. Respiratory, Thoracic And Mediastinal Disorders(5.85%)
. Neoplasms Benign, Malignant And Unspecified (Incl Cysts And Polyps)(5.46%)
. Skin And Subcutaneous Tissue Disorders(5.26%)
. Infections And Infestations(5.07%)
. Injury, Poisoning And Procedural Complications(5.07%)
Vascular Disorders(5.07%)
[T other(30.02%)
FIGURE 2
Positive signal detection in the entire epileptic population. (A) Forest plot of top 50 positive adverse drug reactions (ADRs). (B) System organ class
(SOC) mapping chart.
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A ADR ROR(95%Cl) PRR(X?) 1IC025 EBGM(95% Lower Limit)
GINGIVAL HYPERTROPHY ——=——— 140.365 ( 112.535 - 175.078) 139.766 (10867.624 ) 4.750  10867.624 ( 9033.000 )
DISTRIBUTIVE SHOCK 68977 (54.128 -87.809)  68.782(4376.238) 4.045 4376.238 (3572.790)
VASOPLEGIA SYNDROME 30.765 (21.906 - 43.207 ) 30.727 (958.951) 3.085 958.951(721.737)
GINGIVAL SWELLING 19.724 (13.098 - 29.700 ) 19.708 (407.478 ) 2509 407.478 (289.303)
PERIODONTITIS 15.204 (10.021 - 23.342 ) 15283 (287.082) 2170 287.082(201.541)
COMPLETED SUICIDE 13.252 (12.374 - 14.193 ) 12.889 (9232.090) 1.946  9232.090 (8717.033 )
INTENTIONAL OVERDOSE 11.709 ( 10.576 - 12.964 ) 11.568 (3627.350) 1.798 3627.350 ( 3331.109)
BREATH SOUNDS ABNORMAL 10.678 (7.675 - 14.854 ) 10.666 ( 309.144 ) 1.684  309.144 (234.527)
SHOCK 10.044 (8.694 - 11.604 ) 9.986(1501.534)  1.596 1501.534 (1330.724)
CARDIOGENIC SHOCK 9.207 (7.743 - 10.947 ) 9.170 (936.822) 1478  936.822(810.445)
GINGIVITIS 9.072 (5977 - 13.768) 9.066 ( 158.529 ) 1458 158.529 (111.817)
ORTHOSTATIC HYPOTENSION . 8.432 (7.107 - 10.004 ) 8.398 (860.487 ) 1356  860.487 (745.771)
DIASTOLIC DYSFUNCTION - 8.244 (5.436 - 12.503 ) 8.239(141.017) 1326 141.017 (99.529)
OBSTRUCTIVE AIRWAYS DISORDER = 7.883 (6.209 - 10.008 ) 7.867 (405.230 ) 1264  405.230 ( 331.867 )
FULL BLOOD COUNT ABNORMAL = 7.423 (5514 -9.993) 7.414(241598) 1181  241.598 (188.393)
BLOOD PRESSURE DIASTOLIC DECREASED . 7.380 (5.294 - 10.289 ) 7.372(191.889) 1173 191.889 ( 145.312)
BLOOD LACTIC ACID INCREASED 7.197 (4.971-10.420) 7.191 (149.696 ) 1.138  149.696 ( 109.835)
HAEMODYNAMIC INSTABILITY 7.069 (5.333 -9.370) 7.058 (251.984) 1113 251.984 (199.049)
ATRIOVENTRICULAR BLOCK SECOND DEGREE 7.040 (4.647 - 10.665 ) 7.036 (115.412) 1106 115.412(81.531)
SUICIDE ATTEMPT 6.913 (6.071-7.871) 6.866 ( 1153.155) 1.075 1153.155(1034.484 )
MICTURITION URGENCY 6.879 (4.838-9.782) 6.873 (155.756 ) 1.075 155756 (116.016 )
BRONCHIECTASIS 5.924 (4.146 - 8.464 ) 5919 (123.415) 0.865 123.415(91.553 )
HYPOTENSION 5.743 (5.348 - 6.167 ) 5617 (2963593)  0.794  2963.593 ( 2792.096 )
GINGIVAL BLEEDING 5.735(4.119-7.986) 5.729 (137.000 ) 0.820  137.000 ( 103.850)
LEFT VENTRICULAR HYPERTROPHY i 5607 (3.739-8410) 5604 (88.528) 0.788  88.528 (63.066 )
SLEEP DISORDER DUE TO A GENERAL MEDICAL CONDITION 5.465 (3.847 - 7.762) 5.460 (113.784) 0.752  113.784 (84.831)
RALES ! 5403 (3.687 -7.916) 5399 (94.461 ) 0736 94.461(68.619)
SINUS BRADYCARDIA 5.400 (4.111-7.093 ) 5.392(185.117) 0.735  185.117 (147.345)
BRADYCARDIA 5.380 (4.784 - 6.051) 5.338(993.119) 0.722  993.119 (900.170 )
HYPERCHOLESTEROLAEMIA 5.020 (3.555-7.090) 5.016 (103.763 ) 0.633 103.763 (77.729)
ERECTILE DYSFUNCTION - 4.692 (3.899 - 5.646 ) 4678 (325.887) 0.536  325.887 (279.139)
MUSCLE SPASTICITY - 4.543(3.103 - 6.652) 4540 (73.037) 0492  73.037 (53.089 )
POISONING DELIBERATE 4.462 (3.208 - 6.208 ) 4.458 (94.680 ) 0.467  94.680 (71.827)
OVERDOSE 4447 (3.974-4977) 4412 (811.470) 0453 811.470(738.588)
OEDEMA PERIPHERAL 4340 (3.875-4.861) 4306 (768.628 ) 0.419  768.628 (699.082 )
JOINT SWELLING 4.249 (3.649 -4.947) 4230 (411.958) 0.394  411.958 (362.701)
METABOLIC ACIDOSIS 4.220 (3.530 - 5.047 ) 4.207 (295.379) 0.386  295.379 (254.341)
WHEEZING 4.125(3.421-4975) 4114 (259.365) 0.354  259.365 (221.747 )
BODY TEMPERATURE DECREASED 3.995(2.783-5.733) 3.992 (66.084 ) 0.310 66.084 (48.845)
TOXIC SKIN ERUPTION 3.888 (2.844 -5316) 3.884 (84.208) 0.272 84208 (64.815)
PEMPHIGOID 3.856 (2.747 -5.413) 3.853 (70.601) 0.260  70.601 (53.153 )
CARDIOTOXICITY 3.842 (2520 -5.858) 3.840 (45.430) 0.255 45430 (31.924)
NOCTURIA 3.831(2.618 - 5606 ) 3.829(55.477) 0.251 55477 (40.345)
MOVEMENT DISORDER 3.678 (2.633-5137) 3674 (67.033) 0.193  67.033 (50.679)
DYSPNOEA EXERTIONAL 3.624 (2.924 -4.491) 3.616 (158.396 ) 0.171  158.396 (132.357 )
ASTHMA 3.623 (3.082-4.259) 3.610 (278.864 ) 0.169  278.864 ( 243.567 )
PULMONARY OEDEMA 3.585(2.958-4.345) 3576 (193.773) 0.155 193.773 (164.980)
HEART RATE DECREASED 3439(2720-4349) 3434 (120664 ) 0.097 120.664 (99.150)
BENIGN PROSTATIC HYPERPLASIA - 3.424(2372-4942) 3.422(48.961) 0.092 48.961(36.016)
RESPIRATORY DEPRESSION . 3287 (2432 -4.443 ) 3284 (67.325) 0034 67.325(52.321)
50 160 150
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FIGURE 3

Positive signal detection in male epileptic population. (A) Forest plot of top 50 positive ADRs. (B) SOC mapping chart.
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Positive signal detection in female epileptic population. (A) Forest plot of top 50 positive ADRs. (B) SOC mapping chart.
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A ADR ROR(95%CI) PRR(X?) 1C025 EBGM(95% Lower Limit)
GINGIVAL HYPERTROPHY 5 ———=——— 236.285 (187.730 - 297.399 ) 235.452 (16979.403 ) 5235 16979.403 ( 14006.495 )
VASOPLEGIA SYNDROME ] 139.131 (112.692 - 171.772) 138.666 ( 11846.876 ) 4.799  11846.876 ( 9931.588 )
DISTRIBUTIVE SHOCK : == 79242 (63768 -98472)  79.033(6283.410) 4233 6283.410 (5238.958)
SEDATION COMPLICATION L. 29040 (23276 -36.230)  28.979(2124.692) 3.032 2124.692 (1765.649)
SCHIZOAFFECTIVE DISORDER D - 26.031(19.500-34.751)  26.000(1107.818) 2889 1107.818 (869.938)
SUBACUTE CUTANEOUS LUPUS ERYTHEMATOSUS = 21196 (15827 -28.385)  21.171(866.480) 2620 866.480 (678.613)
CREATININE RENAL CLEARANCE DECREASED | = 19.439(15.752-23.988)  19.396(1519.325) 2505 1519.325 (1274.201)
ORTHOSTATIC HYPOTENSION | 18570 (16.294-21.165)  18.464 (3732583) 2441 3732583 (3345.692)
PERSONALITY DISORDER 17.386 (12397 -24.384)  17.372(518515) 2355 518.515(390.701)
SHOCK 13740 (12.064-15649)  13.664 (2679.706) 2033 2679.706 (2403.280 )
GINGIVAL SWELLING 13.292 (9.668 - 18.275) 13280 (430.765)  1.991 430765 (330.021)
COMPLETED SUICIDE 11.452(10.730 - 12222)  11.200(8634.337) 1.761 8634.337 (8176.470)
HAEMODYNAMIC INSTABILITY 10.294 (8.030 - 13.196 ) 10279(522.489) 1640 522489 (424.444)
INTENTIONAL OVERDOSE 9.954 (9.128 - 10.854 ) 9834 (4124886) 1580 4124.886 (3836.593 )
BLOOD CALCIUM DECREASED ] 9.095 (7.384 - 11.202) 9.076 (637.597 ) 1468  637.597 (535.594 )
ANURIA - 8.884 (6.835 - 11.547 ) 8.872(390.967 ) 1436 390.967 (313.953)
CARDIOGENIC SHOCK 0 7.633 (6.201 - 9.395) 7.618 (513.032) 1224 513.032(431.174)
HYPOTENSION g 7.131(6.693 - 7.596 ) 6.977(5051.135)  1.102  5051.135 (4790.571)
HEMIPLEGIA 6.884 (5.101-9.290) 6.878 (214.978) 1080  214.978 (167.285)
MOTOR DYSFUNCTION 6.713 (4.940 - 9.123) 6.707 (198.521) 1.045 198.521(153.584)
PEMPHIGOID 6.578 (4.785 - 9.042) 6.572 (179.445) 1016 179.445(137.499)
METABOLIC ACIDOSIS 6.308 (5.445 - 7.307 ) 6.284 (793.157) 0.954  793.157 (701.319)
OVERDOSE 6.293 (5.740 - 6.898 ) 6.231(2024.857)  0.943  2024.857 (1875.006 )
DRUG LEVEL INCREASED 5.985 (4.825-7.423) 5.974(343.748) 0.883  343.748 (287.055)
SEDATION 5.868 (4.864 - 7.079) 5.854 (440.447 ) 0.855  440.447 (376.441)
BRADYCARDIA - 5.834 (5.150 - 6.608 ) 5.803 (991.251) 0.843  991.251(893.126)
ACUTE RESPIRATORY DISTRESS SYNDROME = 5.712 (4617 -7.067 ) 5.702 (329.757 ) 0.817  329.757 (275.971)
CIRCULATORY COLLAPSE . 5.455 (4.345 - 6.849 ) 5.447 (269.991) 0753  269.991(223.185)
LACTIC ACIDOSIS . 5440 (4.641-6.377) 5.423 (550.893 ) 0747  550.893 (482.282)
SUICIDE ATTEMPT : 5.387 (4.768 - 6.087 ) 5.358 (920302 ) 0730  920.302(830.914)
GINGIVAL BLEEDING 5222 (3873-7.041) 5.218 (146.893 ) 0692  146.893 ( 114.400)
BLOOD PRESSURE DIASTOLIC DECREASED 5.137(3.784 - 6.974) 5.133 (136.904 ) 0.668  136.904 (106.000)
COORDINATION ABNORMAL 4.575(3.259 - 6.425) 4.572(93.168 ) 0.505  93.168 ( 70.134)
COGNITIVE DISORDER 4.564 (3.825-5445) 4553 (343.162) 0.500  343.162 ( 296.046 )
BALANCE DISORDER 4.351(3.773-5.018) 4.335(487.076 ) 0430 487.076 (432.267 )
MUSCLE SPASTICITY 4.275(3.127-5.844) 4.271(98.518) 0409 98.518 (75.834)
SINUS BRADYCARDIA 4.195(3.056 - 5.758 ) 4.192(93.217) 0.382  93.217 (71.517)
OEDEMA PERIPHERAL 4.175(3.780 - 4.611) 4.143(940.232) 0.366  940.232 ( 865.255 )
PRODUCT DISPENSING ERROR 4.160 (2.992 - 5.785) 4.158 (84.904 ) 0.370  84.904 (64.441)
DEPRESSED LEVEL OF CONSCIOUSNESS 4.141 (3519 - 4.873) 4.129(345.440) 0361  345.440 (301.457 )
AFFECT LABILITY 3.942 (2.822 - 5.506) 3.939 (75.561) 0294 75561 (57.133)
SINUS CONGESTION 3.932(2.876 - 5.374) 3.929 (85.970) 0.290  85.970 (66.187 )
HYPOXIA 3.922 (3278 - 4.691) 3.913 (260.565) 0285  260.565 (224.295 )
TACHYPNOEA . 3.915(2.906 - 5.274 ) 3.912(93.885) 0284 93.885(73.165)
EATING DISORDER . 3.851(2.878 - 5.154 ) 3.848 (95.487) 0261 95487 (74.825)
OBSTRUCTIVE AIRWAYS DISORDER - 3.764 (2.732 - 5.186 ) 3.761(75.876) 0228  75.876 (58.026 )
HYPERGLYCAEMIA . 3.578 (2.908 - 4.402) 3.572(166.203) 0.155  166.203 ( 139.748 )
BLOOD PRESSURE FLUCTUATION r 3.548 (2.766 - 4.551 ) 3.544 (113.443) 0144  113.443(92.114)
URINARY RETENTION - 3.381(2.620 - 4.363 ) 3.377(99.084 ) 0.075 99.084 ( 80.048)
ACUTE KIDNEY INJURY . 3.226 (2.902 - 3.585) 3.206 (528.935) 0.002 528.935 (484.200)
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(8.44%), Gastrointestinal Disorders (7.69%), Cardiac Disorders
(6.70%), and Respiratory, Thoracic and Mediastinal Disorders
(6.20%) (Figure 4B).

3.5 ldentification of signal for ADRs in
elderly population

Based on 7,954 reports from the elderly population, we
employed a combination of four methodologies to identify ADR
signals associated with amlodipine, resulting in a total of 246
potential ADRs. The top five, ranked by ROR, were as follows:
Cockroach Allergy [a: 3, ROR (95% CI lower limit): 50.214, PRR
(X?): 482.675 (360.509), 1C025: 4.817, EBGM (95% CI lower
limit): 54.258]; Increased Body Fluid [a: 3, ROR (95% CI lower
limit): 40.331, PRR (X): 241.338 (287.211), 1C025: 4.561, EBGM
(95% CI lower limit): 64.266]; Gingival Hypertrophy [a: 31, ROR
(95% CI lower limit): 107.086, PRR (X?): 178.130 (2,591.359),
1C025: 4.703, EBGM (95% CI lower limit): 1,689.381]; Burning
Feet Syndrome [a: 3, ROR (95% CI lower limit): 32.477, PRR
(X%): 160.892 (238.348), 1C025: 4.348, EBGM (95% CI lower
limit): 62.464]; and Acute Biphenotypic Leukaemia [a: 5, ROR
(95% CI lower limit): 40.929, PRR (X?): 134.076 (360.231),
1C025: 4.339, EBGM (95% CI lower limit): 133.429]. The results
for the top 50 are illustrated in Figure 5A.

When mapped to the SOC level, the potential ADRs associated
with amlodipine in the elderly population predominantly
encompassed Investigations (13.82%), Respiratory, Thoracic and
Mediastinal Disorders (9.35%), Skin and Subcutaneous Tissue
Disorders (8.54%), (7.72%), and
Injury, Poisoning (7.32%)
(Figure 5B).

Gastrointestinal Disorders

and Procedural Complications

3.6 ldentification of signal for ADRs in
younger population

Based on 7,865 reports from the younger population, we
employed a combination of four methodologies to identify ADR
signals associated with amlodipine, resulting in a total of 260
potential ADRs. The top five ranked by ROR were as follows:
Electrocardiogram ] Wave [a: 6, ROR (95% CI lower limit):
90.682, PRR (X?): 321.255 (766.221), 1C025: 5.133, EBGM (95%
CI lower limit): 265.807]; Hypoinsulinaemia [a: 3, ROR (95% CI
lower limit): 53.685, PRR (X?): 321.255 (383.110), IC025: 4.972,
EBGM (95% CI lower limit): 85.726]; Adrenal Cyst [a: 3, ROR
(95% CI lower limit): 53.685, PRR (X?): 321.255 (383.110),
IC025: 4.972, EBGM (95% CI lower limit): 85.726]; Gingival
Hypoplasia [a: 3, ROR (95% CI lower limit): 43.231, PRR (X
214.170 (318.262), 1C025: 4.758, EBGM (95% CI lower limit):
83.409]; and Oropharyngeal Oedema [a: 5, ROR (95% CI lower
limit): 54.48, PRR (X?): 178.475 (481.312), IC025: 4.749, EBGM
(95% CI lower limit): 178.280]. The results for the top 50 are
illustrated in Figure 6A.

When mapped to the SOC level, the potential ADRs associated
with amlodipine in the younger population predominantly
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encompassed (17.31%), Cardiac Disorders
(12.69%), Respiratory, Thoracic and Mediastinal Disorders
(7.69%), Gastrointestinal Disorders (7.31%), and Neoplasms—
Benign, Malignant, and Unspecified (including Cysts and Polyps)

(5.38%) (Figure 6B).

Investigations

4 Intersection analysis

various

Through
populations (the entire population, male population, female

intersection analysis across subgroup
population, elderly population, and younger population), we
identified 27 common ADRs associated with amlodipine: gingival
hypertrophy, vasoplegia syndrome, distributive shock, myocardial
depression, hyperdynamic left ventricle, sinus rhythm, gingival
swelling, hyperplasia, shock, orthostatic hypotension, completed
suicide, intentional overdose, hemodynamic instability,
hypotension, gingivitis, suicide attempt, bradycardia, dyspnea at
rest, metabolic acidosis, overdose, left ventricular hypertrophy,
sinus bradycardia, gingival bleeding, obstructive airway disorder,
gingival pain, decreased diastolic blood pressure, and peripheral
edema. The primary focus of these ADRs is within the domains
of cardiac disorders, respiratory issues, and dental and gingival

conditions (Figure 7).

5 Multivariable logistic regression

To further ascertain whether the potential ADRs associated
with amlodipine exert independent effects, we subsequently
employed multivariable logistic regression, treating each of the 27
potential ADRs as binary outcome variables. The results indicate
that amlodipine serves as an independent risk factor for the
occurrence of all 27 potential ADRs (OR>1), with statistically
(P<0.05). This these
associations are not influenced by age or gender, aligning with

significant  findings suggests  that

the previously reported results (Figure 8).

6 Discussion

Amlodipine, a calcium channel blocker widely used in the
treatment of hypertension and coronary artery disease, has
demonstrated superior efficacy in controlling blood pressure
variability compared to other calcium channel blockers. It has
also shown cost-effectiveness relative to conventional therapies,
leading to its recommendation as a preferred medication for
patients with coronary artery disease (CAD) (19). Despite being
recommended as a first-line therapy for hypertension, its use is
constrained by potential side effects, and it has been reported as
a primary cause of cardiovascular drug-related overdose deaths
in the United States (20). Consequently,
surveillance of medications is crucial, particularly for commonly

post-marketing
prescribed drugs like amlodipine.

This study represents the first comprehensive investigation of
potential ADRs associated with amlodipine using the FAERS
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ADR ROR(95%Cl) PRR(X?) 1C025  EBGM(95% Lower Limit)
GINGIVAL HYPERTROPHY 178.560 ( 107.086 - 297.741) 178.130 (2591.359 ) 4.703  2591.359 ( 1689.381)
CONGENITAL HIATUS HERNIA 45301 (27628 - 74.574)  45322(676.382) 3460 676.382 (446.455)
MALIGNANT MELANOMA IN SITU 22137 (13521-36.243) 22107 (318.946) 2607 318.946 (211.138)
INTENTIONAL OVERDOSE 15.823 (12.048-20.782) 15757 (717.740) 2182 717.740 (571.366 )
SPLENIC RUPTURE 14.848 (8.411-26.213) 14.834 (153572) 2090 153.572(95.448)
BREATH SOUNDS ABNORMAL 14.748(10.144-21442)  14.716(351.433) 2089 351.433 (256.946 )
BRASH SYNDROME 14.238 (8.904 - 22.768 ) 14.218(214551) 2040 214551 (144.859)
COMPLETED SUICIDE 14.168 (12.357 - 16.244)  13.935(2511.654) 2023 2511.654 (2240.121)
HYPERCHOLESTEROLAEMIA 13.208 (9.042 - 19.294) 13.180(301.771)  1.943  301.771(219.766 )
ATRIOVENTRICULAR BLOCK SECOND DEGREE 10.366 ( 6.733 - 15.958 ) 10.350 (174.620) 1618 174.620 ( 121.705)
OBESITY 9.474 (5.627 - 15.952) 9464 (107.254) 1494  107.254 (69.355)
BRONCHIECTASIS 9.231(6.305 - 13.515) 9213(193939) 1461 193.939 (140.968)
MICTURITION URGENCY 8.821 (5.557 - 14.003 ) 8.810(124733) 1398 124.733(84.732)
SUICIDE ATTEMPT 8.725 (6.206 - 12.265 ) 8704 (226474) 1385 226474 (170.314)
ORTHOSTATIC HYPOTENSION 8.230 (6.746 - 10.039) 8172(617.573) 1301 617.573(522.962)
OBSTRUCTIVE AIRWAYS DISORDER - 8.177 (5.972-11.196) 8154 (245029) 1296 245029 (188.375)
BLOOD PRESSURE DIASTOLIC DECREASED - 7.916 (5.296 - 11.831) 7.902(143703) 1251 143.703(102.665)
JOINT INJURY - 6.429 (4.012-10.301) 6.421(79.244) 0964 79.244 (53.414)
FULL BLOOD COUNT ABNORMAL - 5.996 (3.988 - 9.015) 5.987 (96.144 ) 0868 96.144 (68.347 )
JOINT SWELLING - 5.857 (4.683 - 7.326) 5827(309.034)  0.833  309.034 (256.270 )
ATRIOVENTRICULAR BLOCK FIRST DEGREE - 5693 (3.340 - 9.704 ) 5.688 (52.258) 0.795 52.258 (33.447)
ASTHMA . 5.545 (4.409 - 6.974 ) 5518 (272.116) 0757  272.116 (224.607)
BODY TEMPERATURE DECREASED - 5.360 ( 3.393 - 8.469 ) 5354 (65.121) 0712 65.121(44.412)
SHOCK - 5.264 (3.970 - 6.981 ) 5248 (166.606)  0.687 166.606 (131.565)
HYPOTHERMIA - 5216 (3.170 - 8.585) 5211(52.752) 0674 52752 (34.770)
HAEMODYNAMIC INSTABILITY - 4.973(3.110 - 7.952) 4.967 (55.346 ) 0607 55.346 (37.370)
SLEEP DISORDER DUE TO A GENERAL MEDICAL CONDITION 4.912(2.885-8.362) 4.907 (42.277) 0.589  42.277 (27.087)
HEART RATE DECREASED - 4.882(3.693 - 6.454 ) 4867 (152215) 0581 152.215(120.511)
DIPLOPIA - 4.864 (3.240 - 7.304 ) 4.857 (71.386) 0577  71.386 ( 50.806 )
ECZEMA = 4.810 (3482 - 6.645) 4799(111.040) 0561 111.040 (84.734)
ERECTILE DYSFUNCTION - 4.792 (2.998 - 7.661) 4.787 (52.382) 0556  52.382 ( 35.376)
TOXIC SKIN ERUPTION - 4.773(3.338 - 6.825) 4.764 (89.579) 0551  89.579 (66.413)
DRUG ABUSE ] 4.728(3.176 - 7.040) 4.721(71.261) 0537  71.261(51.073)
HYPOTENSION " 4.676 (4.216 - 5.187 ) 4567 (1033689) 0.494 1033.689 (947.849)
BENIGN PROSTATIC HYPERPLASIA . 4.525(3.063 - 6.684 ) 4517 (69.297 ) 0476  69.297 (49.997 )
DYSPNOEA EXERTIONAL . 4.333(3.385 - 5547 ) 4316(161475) 0413  161475(131.329)
PRODUCT PRESCRIBING ERROR - 4.304 (3.011-6.151) 4.296 (76.397 ) 0406  76.397 ( 56.663 )
SINUS BRADYCARDIA - 4.201(2.776 - 6.358 ) 4.196 (54.582 ) 0372  54.582(38.590)
OVERDOSE = 4.154 (3.296 - 5.235) 4.135(171.755) 0353  171.755(141.519)
WHEEZING " 4.149 (3.188 - 5.400 ) 4.135(132216) 0353 132.216(106.055)
OEDEMA PERIPHERAL ] 4.131(3.553 - 4.803) 4.088(401.731)  0.338  401.731(354.160)
LOSS OF PERSONAL INDEPENDENCE IN DAILY ACTIVITIES 4.089 (2.862 - 5.843 ) 4.082(70.381) 0334 70.381(52212)
RALES . 4.077 (2.398 - 6.931) 4.073 (31.669) 0329  31.669 (20.313)
PEMPHIGOID . 3.922 (2.745 - 5.603 ) 3.915 (65.725) 0275  65.725(48.765)
BRADYCARDIA . 3.790 (3.187 - 4.508 ) 3762(262234) 0220 262.234 (226.807)
SKIN LESION - 3679 (2454 -5516) 3.674 (45.690 ) 0.185 45690 ( 32.557 )
THERAPEUTIC PRODUCT EFFECT INCOMPLETE . 3419 (2517 -4.644) 3.411(70.163) 0082  70.163 (54.308)
GASTROOESOPHAGEAL REFLUX DISEASE . 3417 (2432-4801) 3.410 (56.766 ) 0081  56.766 (42.706 )
METABOLIC ACIDOSIS - 3.393 (2.555 - 4.505 ) 3.384 (80.674) 0.070  80.674 (63.640)
DRUG INTERACTION - 3.389 (2.978 - 3.857 ) 3345(387.016)  0.055 387.016(347.334)
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FIGURE 5

Positive signal detection in elderly epileptic population. (A) Forest plot of positive ADRs. (B) SOC mapping chart.
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A ADR ROR(95%Cl) PRR(X?) IC025 EBGM(95% Lower Limit)
GINGIVAL HYPERTROPHY . ——=——— 128.474(99.330 - 166.169 ) 127.678 ( 7323.669 ) 4.652 7323.669 ( 5905.209 )
DISTRIBUTIVE SHOCK e — 90.276 (69.830 - 116.707 ) 89.778(5134723) 4315 5134723 (4141.886)
NEEDLE FATIGUE : — 61.924 (33400 - 114.810) 61.871(604.048) 3.884 604.048 ( 360.353 )
GAIT SPASTIC R 39.808 (22.019-71.969) 39.774(414439) 3379 414.439(252510)
VASOPLEGIA SYNDROME —— 35.539 (23643 -53420) 35476(776.108) 3.255 776.108 (551.846)
PERIODONTITIS P = 30.054 (19.231-46.968)  30.011(541.177) 3.045 541.177(372.471)
HYPERTONIC BLADDER n=— 24.022(13.538-42625) 24002(257.697) 2753 257.697(159.482)
HEPATIC NEOPLASM P o— 16.748 (9.900 - 28.332) 16.732(205.812) 2285 205.812( 132.566 )
CARDIOGENIC SHOCK L. 15.854 (13.141-19.126) 15736 (1517.711) 2213 1517.711(1297.187)
DIASTOLIC DYSFUNCTION L 13.347 (8.053 - 22.122) 13.334(171.853) 1.981 171.853(112.601)
SHOCK P. 12962 (10.901-15413) 12.852(1413.690) 1.939 1413.690 ( 1223.007 )
COMPLETED SUICIDE Lom 12.655(11.678-13.713)  12.141(6380.556) 1.863 6380.556 ( 5965.886 )
INTENTIONAL OVERDOSE " 12.038 (10.757 - 13.472) 11.796 (3068.375) 1.823  3068.375 (2792.680 )
BLOOD LACTIC ACID INCREASED - 11.022 (7.429 - 16.353 ) 11.005(224.966) 1.724 224.966 ( 161.723)
HAEMODYNAMIC INSTABILITY - 8.131(5.679 - 11.643 ) 8.116 (186.416) 1.305 186.416 ( 138.047 )
BUNDLE BRANCH BLOCK LEFT - 7.655 (4.491-13.049) 7649 (78.135) 1.219  78.135(50.007 )
SUICIDE ATTEMPT . 7.291(6.299 - 8.439) 7.212(974.887) 1.143  974.887 (862.610)
BRADYCARDIA . 6.453 (5.472 -7.609 ) 6.399 (651.225) 0976 651.225(567.317)
VENTRICULAR HYPOKINESIA - 6.187 (3.636 - 10.528 ) 6.182(59.119) 0.923 59.119(37.892)
NOCTURIA - 6.171(3.693 - 10.314 ) 6.166 (63.118) 0.919 63.118 (41.071)
LEFT VENTRICULAR HYPERTROPHY - 6.113 (3.658 - 10.215) 6.108 (62.303 ) 0.906 62.303 (40.543)
SINUS BRADYCARDIA ‘. 6.112(4.250 - 8.789 ) 6.102 ( 124.465) 0.907 124.465(91.842)
HYPOTENSION . 6.036 (5.441-6.696 ) 5909 (1498.641) 0.864 1498.641(1374.026)
ERECTILE DYSFUNCTION ‘. 5.969 (4.764 - 7.479) 5.943 (312.288) 0.871  312.288 (258.576)
MOVEMENT DISORDER - 5.919 (4.091 - 8.563 ) 5910 (115.147) 0.862 115.147 (84.538)
LEFT VENTRICULAR DYSFUNCTION - 5818 (3.731-9.075) 5.812(77.593) 0.838 77.593 (53.494)
ORTHOSTATIC HYPOTENSION - 5.781(3.970-8417) 5772 (107.595) 0.829 107.595(78.571)
PULMONARY OEDEMA - 5581 (4.461-6.982) 5.556 (287.994) 0.777  287.994 (238.784)
CARDIOMEGALY - 5.402 (3.686 -7.917 ) 5.394 (94.307) 0.734 94307 (68.491)
ELECTROCARDIOGRAM QRS COMPLEX PROLONGED= 5.397 (3.175-9.175) 5.393 (48.873) 0.731 48873 (31.350)
CARDIOTOXICITY ‘. 5.388 (3.417 -8.497) 5.383 (66.153 ) 0.730 66.153 (45.186)
MUSCLE SPASTICITY 4.940(3.170-7.698) 4.935(61.352) 0.608 61.352(42.329)
OVERDOSE 4932 (4.320-5631) 4.872 (685.259 ) 0.593 685.259 (613.317)
OEDEMA PERIPHERAL 4443 (3.714-5316) 4.415(318.921) 0.453  318.921(274.498)
GINGIVAL BLEEDING 4.393 (2.587 -7.459) 4.390 (35.921) 0442 35921 (23.065)
TRICUSPID VALVE INCOMPETENCE 4274 (2518 -7.256) 4.271(34.39) 0403 34396 (22.089)
LACTIC ACIDOSIS 4.238(3.288-5464) 4.225(147.415) 0391 147.415(119.197)
ACIDOSIS 4.078 (2.486 - 6.689 ) 4.075(36.437 ) 0.337  36.437 (24.082)
METABOLIC ACIDOSIS 4.054 (3.181-5.165) 4.040 (150.584 ) 0.327  150.584 ( 122.957)
OBSTRUCTIVE AIRWAYS DISORDER 4.049 (2.468 - 6.641) 4.046 (36.016 ) 0.327 36.016 (23.805)
ACUTE RESPIRATORY DISTRESS SYNDROME - 3.991(2980-5345) 3.982(100.934) 0.307 100.934 (79.048 )
POISONING DELIBERATE - 3.967 (2.746 - 5.730 ) 3.961 (63.057 ) 0.299 63.057 (46.359)
CIRCULATORY COLLAPSE - 3.907 (2.650 - 5.761) 3.902 (55.140) 0277 55.140 (39.847)
MITRAL VALVE INCOMPETENCE - 3.664 (2.299 - 5.840) 3.661(34.241) 0.186 34.241(23.182)
JOINT SWELLING - 3.652(2.918-4.570) 3.638 (146.919) 0.179  146.919 (121.770)
RESPIRATORY DEPRESSION - 3.639 (2.551-5.192) 3.634 (58.230) 0.177 58230 (43.252)
GLYCOSYLATED HAEMOGLOBIN INCREASED - 3626 (2244 -5857) 3623 (31.753) 0171 31753 (21.256)
EJECTION FRACTION DECREASED - 3.618(2.395-5465) 3614 (42.783) 0.168 42.783(30.297 )
PULMONARY CONGESTION - 3.377 (2.027 -5.625) 3.375(24.682) 0.070 24.682(16.104)
MEDICATION ERROR - 3.269 (2.372-4.505) 3.263 (58.798 ) 0.024 58798 (44.957)
5‘0 1(‘)0 15‘:0
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FIGURE 6

Positive signal detection in younger epileptic population. (A) Forest plot of top 50 positive ADRs. (B) SOC mapping chart.
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Upset plot of intersection ADRs across subgroups.

database. Employing disproportionality analysis, a rapid and
economical method, we identified 27 common potential risks
across various subgroups (including the general population,
males, females, elderly, and younger individuals), which appear
to be independent of age and gender. These findings were
further validated

emphasizing their

through multivariable logistic regression,
This the
importance of vigilant monitoring for these potential ADRs in

independence. underscores
clinical applications of amlodipine, providing crucial evidence for
clinical decision-making.

Peripheral edema, characterized by fluid retention in the
extremities or other body parts, is a widely recognized and
common adverse effect of amlodipine. It is generally attributed to
the dilation of precapillary arterioles in the lower limbs, where
increased hydrostatic pressure promotes fluid transfer into
interstitial spaces. Amlodipine is used both as monotherapy and
in combination with other antihypertensive medications. As
monotherapy, statistical analyses indicate that amlodipine induces
peripheral edema in 16.6% of cases (21), a higher incidence
compared to other antihypertensive drugs (22). A specific clinical
trial also found higher rates of peripheral and pulmonary edema

Frontiers in Cardiovascular Medicine
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in patients receiving amlodipine treatment compared to the
control group (23). However, in the treatment of gestational
hypertension, Yin et al. (24) found that amlodipine demonstrated
superior efficacy to nifedipine, with reduced maternal side effect
risks. Combination therapy with amlodipine has shown improved
outcomes, such as significant blood pressure reduction and
decreased incidence of peripheral edema when used with ACE
inhibitors or diuretics (22, 25). Its combination with aliskiren
exhibited enhanced antihypertensive effects without increasing
adverse event rates (26). Valsartan not only largely prevents
but benefits
cardiovascular morbidity and mortality, with protective effects on
renal function (27). Nevertheless, peripheral edema remains an
undeniable adverse effect of amlodipine, and our study found it
to be
combination therapy should be considered clinically to reduce its

amlodipine-induced  peripheral edema also

independent of age and gender, suggesting that
incidence. At the genetic level, specific clinical studies have found
that Chinese patients carrying CYP3A5 *3/*3 or CYP3A5 *1D/
*1D genotypes have a significantly increased risk of amlodipine-
induced peripheral edema, while those with the CYP3A5 *1E

genotype show a lower risk (28). Our study identifies peripheral
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ADR OR(95%Cl)
Gingival Hypertrophy i T 223.048(150.612-330.321)
Myocardial Depression 217.868(75.926-625.165)
Distributive Shock S 62.976(42.081-94.247)
Vasoplegia Syndrome - 50.454(35.763-71.180)
Gingival Swelling - 36.120(26.006-50.168)
Intentional Overdose . 19.277(16.652-22.315)
Hyperplasia = 16.333(5.945-44.874)
Hyperdynamic Left Ventricle L-— 14.637(1.914-111.924)
Gingivitis - 14.177(9.898-20.304)
Sinus Rhythm -— 12.976(4.034-41.743)
Gingival Pain - 10.076(6.562-15.470)
Gingival Bleeding - 10.074(7.460-13.604)
Suicide Attempt - 8.587(7.100-10.385)
Obstructive Airways Disorder . 7.569(5.554-10.316)
Orthostatic Hypotension - 7.000(5.502-8.905)
Shock - 6.860(5.397-8.720)
Haemodynamic Instability - 6.662(4.164-10.659)
Blood Pressure Diastolic Decreasedi- 5.731(4.210-7.801)
Left Ventricular Hypertrophy - 5.626(3.168-9.988)
Overdose ] 4.723(3.944-5.657)
Dyspnoea At Rest i 4.553(2.431-8.526)
Hypotension - 4.469(4.043-4.940)
Oedema Peripheral . 4.382(3.854-4.982)
Bradycardia - 4.224(3.566-5.005)
Completed Suicide - 3.958(2.448-6.399)
Sinus Bradycardia - 2.541(1.551-4.163)
Metabolic Acidosis L 2.417(1.753-3.332)
1 (|)O 2(|)O 3(|)O 4(|)O 5(50 6(|)0
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FIGURE 8

ADRs validated by multivariate logistic regression analysis

edema as a noteworthy adverse reaction across all population
whether
amlodipine-induced peripheral edema in American, European,

groups, warranting further research to explore

and Asian populations is also associated with specific genotypes.
Drug-induced gingival overgrowth is a periodontal side effect

believed to be

pathological growth of gingival tissue due to excessive expansion

of certain medications, associated  with
of the extracellular matrix, cell proliferation, and/or hypertrophy
(29). It may be related to increased expression of IL-17A (30)
and can lead to swelling, bleeding, and problems with chewing,
aesthetics, and phonation, potentially resulting in tooth loss and
deterioration of patients’ quality of life (11). First reported in
patients taking amlodipine in 1994 (31), it is now recognized as
a major oral adverse reaction to the drug. Recent years have seen
an increase in literature on amlodipine-induced gingival diseases,
but these are mostly case reports and mechanism analyses, with
few large-sample studies. Our study, based on real-world data
from the FAERS database,

not only confirmed gingival
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overgrowth but also identified rare gingival conditions including
gingival swelling, gingivitis, gingival bleeding, and gingival pain.
These conditions are interrelated, with one potentially triggering
the simultaneous occurrence of others. Specifically, gingival

hypertrophy and swelling are typically associated with
inflammatory responses, which may lead to bleeding and pain.
Research has emphasized that pre-existing periodontal

inflammation may be a crucial factor in inducing hypertrophy
(32), indicating a significant association between periodontal
health status and drug-induced gingival overgrowth. Gingival
inflammation is related to bacterial plaque accumulation forming
microbial biofilms, and factors affecting the degree and severity
of gingival swelling similarly exacerbate inflammatory responses
caused by dental plaque (33). Although clinical studies report a
prevalence of 3.4% for amlodipine-induced gingival overgrowth
(34), our study found that associated adverse reactions are
equally noteworthy, with gingival hypertrophy occurring at rates
as high as 61.8%, possibly related to the upregulation of TGF-pl1
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and KGF gene expression (35). More significantly, in our study,
gingival hypertrophy ranked highest in ROR across all five
subgroup populations, suggesting that this adverse reaction
requires broader clinical attention.

Shock is an acute circulatory failure state associated with
infection, typically accompanied by hypotension and organ
dysfunction (36). Distributive shock, a subtype, is characterized
by pathological redistribution of the vascular system leading to
relative hypovolemia, primarily related to vascular system
dysfunction (37). It has been reported as a potential consequence
of amlodipine overdose (38). In our study, distributive shock
ranked among the top three adverse reactions by ROR score in
all subgroups except the elderly, and may be complexly
associated with other intersecting adverse reactions such as
bradycardia, hypotension, left ventricular hypertrophy, and
hemodynamic instability, potentially occurring simultaneously or
exacerbating each other. Vasoplegia syndrome, a form of
distributive shock characterized by low systemic vascular
resistance including vasodilation and dysregulation of vascular
(39),
cardiothoracic surgery. Our study identified it as a potential

smooth muscle cells is commonly observed post-
adverse reaction to amlodipine, consistent with a clinical case
reported by L.A.A. (40). This ADR ranked among the top five by
ROR score in all subgroups except the elderly. Notably, there is
currently no comprehensive analysis of the association between
amlodipine and the occurrence of distributive shock and
vasoplegia syndrome, underscoring the importance of early
recognition, prevention, and intervention for these conditions
across all populations, particularly in younger individuals.

While upper respiratory tract infections are commonly
reported adverse reactions when amlodipine is combined with
other antihypertensive medications (41, 42), the FDA label
indicates dyspnea as a respiratory system adverse effect,
consistent with our finding of dyspnoea at rest. Watt et al. (43)
that lead

breathlessness during exercise, but our findings suggest that

reported amlodipine use may to increased

attention should also be paid to dyspnea occurrence at rest.
Additionally, identified
indicating that dyspnea may be related to airflow limitation

we obstructive airways disorder,
leading to airway obstruction, though specific mechanisms
require further investigation.

Given that amlodipine users are predominantly elderly, with
an average age of about 68.6 years (44), we identified a noteworthy
adverse reaction in the elderly subgroup: BRASH syndrome. This
recently recognized clinical entity is characterized by bradycardia,
renal failure, AV node blockade, shock, and hyperkalemia. Its
symptoms may overlap with other conditions, making it susceptible
to oversight and misdiagnosis. BRASH syndrome has significant
harmful effects, with a mortality rate of 5.7%, 20% of patients
requiring renal replacement therapy, and up to 33% needing
temporary pacing (45). It may progress to cardiogenic shock (46).
Several case reports (46, 47-49) have documented BRASH syndrome
in hypertensive patients taking amlodipine, aligning with our
findings. While not a common adverse reaction across all subgroups
in our study, its specific symptoms such as bradycardia, shock, and
AV conduction block are among the 27 common adverse reactions
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we identified or related to them. BRASH syndrome ranked high
among adverse reactions in the elderly subgroup, indicating its
potential clinical risk. Regrettably, there is currently no literature
specifically discussing the association between amlodipine use and
the occurrence of BRASH syndrome, particularly in the elderly
population, with most reports being case studies. Our study thus
serves as an important warning about the significance of monitoring
this emerging entity in elderly patients. BRASH syndrome represents
a vicious cycle of hyperkalemia and bradycardia, and caution should
be exercised when using amlodipine in high-risk populations, such as
those with a history of hyperkalemia.

Furthermore, we identified some controversial ADRs, such as
effects on cardiac rhythm and left ventricular structure. The FDA
label lists both bradycardia and tachycardia as adverse reactions
to amlodipine. Some studies have shown increased heart rate
(50) and more specifically sinus tachycardia (51) after amlodipine
use, possibly due to reflex tachycardia caused by reduced
peripheral vascular resistance. However, specific clinical studies
have reported that combined use of angiotensin axis antagonists
with amlodipine may exacerbate adverse reactions such as
hypotension and bradycardia (20). A cohort study using a fixed-
dose combination of bisoprolol and amlodipine also reported
bradycardia as an adverse reaction (52). Although the individual
effect of amlodipine was not evaluated in these studies, Ebihara
et al. (53) reported a case of severe bradycardia in a patient
taking a high dose of amlodipine, consistent with Mellor et al.’s
(54) study suggesting that amlodipine may cause bradycardia by
suppressing sympathetic nervous system activity. Combined with
our results, we believe that amlodipine poses a risk of causing
bradycardia and sinus bradycardia, and this risk is independent
of age and gender.

Similarly, the adverse reaction of left ventricular hypertrophy is
also controversial. Left ventricular hypertrophy is a change in
cardiac structure and function that increases cardiac burden and
may lead to serious complications such as heart failure and
arrhythmias (55, 56). Amlodipine, due to its mechanism of
action and its close relationship with the cardiovascular system,
may lead to increased sympathetic activity, thereby affecting left
ventricular structure (57). A clinical study based in Japan
indicated that amlodipine can alleviate LV hypertrophy (58), and
the same conclusion was drawn in hypertensive rats (59).
However, an increasing body of literature has found that the
effect of amlodipine in improving left ventricular hypertrophy is
not as expected (60), showing its potential limitations in some
hypertensive patients. A clinical study based on hypertensive
populations showed that some patients using amlodipine long-
term may experience morning hypertension, which is closely
related to left ventricular hypertrophy (61). Takatsu et al. (62)
also proposed that while amlodipine lowered blood pressure, it
failed to effectively reverse indicators related to left ventricular
hypertrophy, suggesting that amlodipine did not significantly
improve left ventricular geometry and function. This is consistent
with the study by Takeuchi et al. (63), which found that the use
failed inhibit
hypertrophy, especially in high-salt diet-induced models. Our

of amlodipine to effectively cardiomyocyte

study similarly found that amlodipine may exacerbate left
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ventricular hypertrophy, further emphasizing the complexity and
limitations of this drug in clinical applications.

This study also identified some psychiatric ADRs, such as
completed suicide, intentional overdose, and suicide attempt. We
believe that suicide may be related to the decline in the patients’
quality of life and increased financial burden caused by
cardiovascular, oral gingival, and respiratory system diseases
induced by amlodipine, which is consistent with reported cases
(64). Suicide may occur through intentional overdose. Research
has found that drug self-poisoning (DSP) is the most common
suicide method globally, and amlodipine is ranked third among
in this regard (65).
Additionally, we identified some previously unreported ADRs,

the most frequently reported drugs

such as full blood count abnormal in the male population and
personality disorder in the female population.

This study identified various ADRs associated with amlodipine,
and since the FDA label has already noted most of them without
in-depth discussion, such as myocardial depression, metabolic
acidosis, orthostatic hypotension, and decreased diastolic blood
pressure it underscores the reliability of our findings and indicates
that many positive ADRs have not yet been emphasized. Drug
safety is a crucial issue, and ADRs should be taken seriously.
Although clinical observations and case reports make it difficult to
assess whether potential ADRs associated with a drug are valid, and
actual clinical observations may underestimate the prevalence of
ADRs due to their low incidence rates, their potential ADRs should
be thoroughly explored. As the first comprehensive investigation of
the potential ADRs associated with the commonly used medication
amlodipine, this study employed rigorous quality control measures,
including retaining only reports where amlodipine was designated
as the primary suspect and excluding reports submitted by non-
healthcare professionals. Furthermore, it integrated four positive
signal detection methods and validated the findings through
subgroup analyses and multivariable

logistics  regression.

Consequently, this study provides compelling evidence that
amlodipine poses risks of peripheral edema, shock, and dyspnea,
among others, and identified previously unreported ADRs such as
abnormal full blood count and personality disorder. These findings
underscore the importance of exercising caution when prescribing
amlodipine to high-risk individuals with a history of hyperkalemia,
cardiac structural abnormalities, or airway obstruction.

This study inevitably has some limitations. First, while we have
synthesized multiple streams of evidence to identify ADRs
potentially linked to amlodipine use and have offered safety
recommendations for clinical application, we are unable to
establish definitive causal relationships. Second, the constraints
limit the

generalizability of our findings across diverse ethnic populations.

and biases inherent in the sample sources
Third, as the data were voluntarily reported, issues such as
inconsistency in quality inevitably arise. Nevertheless, we have
mitigated the impact on our study by including only reports
submitted by healthcare professionals. Therefore, future research
should strive to explore the underlying mechanisms in greater
depth and incorporate more diverse and extensive samples to
comprehensively evaluate the drug’s effects across different

ethnic groups.
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